Summary
A total of 240 weaned pigs (PIC 1050; initially 13.4 lb) were used in a 47-d study to compare the effects of added Zn from zinc oxide (ZnO), alone or in combination with a low or high dose of chlortetracycline (CTC), on nursery pig performance. Pigs were allotted to pens at weaning (d 0) and fed a common starter diet with no antimicrobial for 5 d before the start of the experiment. On d 5, pens of 5 pigs were allotted to 1 of 6 dietary treatments in a randomized complete block design with 8 replications per treatment. Dietary treatments were arranged in a 2 × 3 factorial with main effects of added ZnO (0 vs. 2,500 ppm of Zn) and CTC (0, 50, or 400 g/ton). Pigs were fed experimental diets from d 5 to 26 after weaning followed by a common corn-soybean meal-based diet without antimicrobial from d 26 to 47. Pigs on the 50 g/ton treatment received CTC continuously from d 5 to 26; however, to comply with FDA guidelines, CTC was removed on d 15 from the diets of pigs fed 400 g/ton CTC, then added again from d 16 to 26. All diets contained 110 ppm of Zn from ZnO in the trace mineral premix. No ZnO × CTC interactions were observed. Pigs fed added ZnO had increased (P = 0.001) ADG, ADFI, and ending BW during the treatment period but increased F/G (P = 0.03) from d 26 to 47 when a common diet was fed. Pigs fed CTC had increased (linear, P < 0.05) ADG, ADFI, and ending BW during the treatment period as well as a tendency (quadratic, P = 0.08) for improved F/G. Overall (d 5 to
Introduction
It is well established that feeding pharmacological levels of Zn from zinc oxide (ZnO) consistently improves the growth rate of nursery pigs despite having mixed effects on feed intake and efficiency. Since feed-grade antibiotics became available in the 1950s, research has also demonstrated that chlortetracycline (CTC) improves both the growth rate and the feed efficiency of nursery pigs. Although no study has directly examined the effects of concurrent inclusion of both pharmacological Zn and CTC concentrations in nursery pig diets, previous research suggests that the growth benefits are additive. Therefore, the objective of this experiment was to compare the performance of nursery pigs fed diets containing pharmacological levels of Zn, alone or in combination with high or low doses of chlortetracycline.
Procedures
This trial was conducted in collaboration with Kansas State University College of Veterinary Medicine Department of Diagnostic Medicine/Pathology with the primary objective of evaluating the potential association of high levels of dietary Zn supplementation and dietary sub-therapeutic or therapeutic CTC on the prevalence of methicillin resistant Staphylococcus aureus (MRSA) in pigs. This report describes the growth performance of these same pigs; the influence on MRSA will be reported elsewhere.
The protocol for this experiment was approved by the Kansas State University Institutional Animal Care and Use Committee. The study was conducted at the K-State Segregated Early Weaning Facility in Manhattan, KS.
A total of 240 nursery pigs (PIC 1050; initially 13.4 lb BW) were used in a 47-d study with 5 pigs per pen and 8 replications per treatment. Each pen had metal tri-bar flooring, one 4-hole self-feeder, and a cup waterer to provide ad libitum access to feed and water. Pigs were weaned at approximately 21 d of age (study d 0) and allotted to pens based on initial BW to achieve equal average pen weights across all pens. For the first 5 d after weaning, pigs were fed a common pelleted starter diet that contained neither antimicrobial nor added Zn above that contained in the trace mineral premix (Table 1) . On d 5, pens of pigs were weighed and allotted to 1 of 6 dietary treatments in a randomized complete block design with location within barn serving as a blocking factor as adjacent pens alternated among the treatment groups to facilitate equal bacteria exposure. The 6 dietary treatments consisted of a corn-soybean meal-based diet and were arranged in a 2 × 3 factorial with main effects of added Zn from ZnO (0 vs. 2,500 ppm of added Zn) and CTC (0, 50, or 400 g/ton). The ZnO and CTC were substituted for an equivalent amount of corn to form the experimental treatments.
The experimental diets were fed from d 5 to 26. Food and Drug Administration regulations prohibit the continuous feeding of therapeutic levels of CTC longer than 14 d. Thus, on study d 15, the feeders from pens assigned to the 400 g/ton CTC diets were emptied and pigs were fed the control diet with or without the 2,500 ppm of added Zn. The normal treatment diet containing CTC at 400 g/ton was then re-added to the feeders on d 16 and fed for the remainder of the 21-d period. From d 26 to 47, a common corn-soybean meal-based diet with no added ZnO and no CTC was fed to all pigs to evaluate any carryover effects from the treatment diets.
All diets were prepared at the K-State O.H. Kruse Feed Technology Innovation Center and contained 110 ppm of Zn from the trace mineral premix. Diet samples were collected periodically throughout the study, and pooled samples of each diet were submitted to Ward Laboratories, Inc. (Kearney, NE) for near-infrared reflectance (NIR) spectrometry analysis of Cu and Zn (Table 2) . As determined by analysis, the Phase 1 common diet contained 166 ppm Zn and 29 ppm Cu, whereas the Phase 3 common diet contained 160 ppm Zn and 21 ppm Cu. Average daily gain, ADFI, and F/G were determined by weighing pigs and measuring feed disappearance on d 5, 26, and 47.
Growth data were analyzed as a randomized complete block design using the PROC MIXED procedure of SAS (v9.3, SAS Institute Inc., Cary, NC) with pen as the experimental unit and barn location as a blocking factor. The main effects of ZnO and CTC, as well as their interactions, were tested. Within the CTC treatments, linear and quadratic contrasts were determined. Differences between treatments were determined by using least squares means with results considered significant at P ≤ 0.05 and considered a trend at P ≤ 0.10.
Results and Discussion
No ZnO × CTC interactions were observed for any response criteria in any period (Table 3) . Growth rates of pigs did not differ during the first 5 d when the common starter diet was fed. During the d 5 to 26 treatment period, pigs fed added Zn had increased (P ≤ 0.001) ADG, ADFI, and BW on d 26. Similarly, increasing CTC increased (P < 0.02) ADG, ADFI, and BW on d 26. Although ZnO had no effect on F/G during the period when treatments were fed from d 5 to 26, increasing CTC level had a tendency to improve (quadratic, P = 0.08) F/G and caloric efficiency with pigs fed CTC at 50 g/ton having the lowest F/G. From d 26 to 47 when the common diet was fed, there were no effects on growth rate or feed intake of pigs that had previously been fed ZnO or CTC in their diets; however, pigs previously fed pharmacological Zn had a significant (P = 0.04) but small increase in F/G. Overall, across both the 21-d treatment period and the subsequent 21-d common period (d 5 to 47), added Zn from ZnO increased (P < 0.05) ADG and ADFI but had no effect on feed efficiency. Added CTC tended to increase (linear, P = 0.06) ADG and ADFI from d 5 to 47. Feed efficiency and caloric efficiency of pigs fed CTC tended to improve (quadratic, P = 0.08) as 50 g of CTC was added to the diet, with no further improvement at the 400 g/ton level.
In summary, added Zn from ZnO and CTC increased ADG and ADFI but had a minimal effect on feed efficiency. This study illustrates the value of feeding pharmacological concentrations of Zn and other antimicrobials to newly weaned pigs to promote growth. However, neither ZnO nor CTC had a beneficial effect on subsequent nursery pig performance after ZnO and CTC were removed from the diets. Furthermore, our results agree with previous research findings with the data collectively suggesting that the benefits of feeding CTC and heavy metal micronutrients such as added Zn are additive for nursery pigs. 
